ABSTRACT Capons and ovariectomized chickens are birds that have been gonadectomized to improve the meat quality. This study investigated the effects of caponization and ovariectomy on physical, chemical, and fatty acid and amino acid profiles of meat from Beijing-You chickens (a Chinese local breed) at market age (17 wk). All birds (20 capons, 20 ovariectomized, and 40 controls) were reared under the same conditions. Breast muscle fiber diameter and area were significantly smaller and the fiber density was higher in capons and ovariectomized chickens than in controls (P < 0.05). Compared with controls, caponization and ovariectomy significantly decreased breast muscle shear values and redness (a * ), as well as increased yellowness (b * ), hue (H * ), and chroma (C * ) (P < 0.05). There was significantly more intramuscular fat (IMF) in capons than in controls (P < 0.05), and there was a tendency for more inosine-5 -monophosphate (IMP) in capons than in controls (P = 0.10). The levels of IMF and IMP in ovariectomized chickens were significantly higher than those in controls (P < 0.05). Capons and ovariectomized chickens exhibited a significantly higher content of palmitic acid (C16:0), palmitoleic acid (C16:1) and oleic acid (C18:1), together with a lower content of stearic acid (C18:0), arachidonic acid (C20:4), and lignoceric acid (C24:0) compared to controls (P < 0.05). The total saturated, monounsaturated, and polyunsaturated fatty acids as well as amino acid composition were not affected by gonadectomy (P > 0.05). Overall, this study indicates that both caponization and ovariectomy likely improve the meat quality of the breast muscle based on the objective indices of IMF, appearance (color), texture, and minor change of the fatty acid profile; ovariectomy improves flavor-related indices.
INTRODUCTION
In recent years, the breed and quality of poultry meat products have become major concerns for consumers. There has been an increase in consumer demand for meat with distinctive aromas and flavors, which has led to a revival of the use of traditional practices such as caponization (Tor et al., 2002) and ovariectomy. Capons and ovariectomized chickens are those that have been gonadectomized to improve meat quality. Capon production can be a resourceful complement to the poultry meat market and has attracted increasing interests in China, the United States, and Europe (Calik, 2014) , while ovariectomized chickens are preferred by many consumers in China (Duan et al., 2012) . The effect of ovariectomy on indices related to meat quality in female chickens, however, has not been documented.
It is well documented that caponization of chickens increases intramuscular, subcutaneous, and abdominal C 2016 Poultry Science Association Inc. Received August 26, 2015. Accepted September 1, 2016. 1 Corresponding author: jiewen@iascaas.net.cn fat deposition (Rikimaru et al., 2009; Symeon et al., 2010; Symeon et al., 2012; Kwiecień et al., 2015) . A higher content of intramuscular fat (IMF) as a result of caponization improves the flavor and texture characteristics of meat when compared with intact cockerels (Sirri et al., 2009; Lin et al., 2011; Calik et al., 2015) . The sensory taste panel classified the capon's meat as juicier and less fibrous than rooster's meat, which might be due to the higher fat content in the meat (Miguel et al., 2008; Amorim et al., 2016) . Several authors have found significant changes in the fatty acid profile of poultry meat after caponization (Miguel et al., 2008; Rikimaru et al., 2009; Sirri et al., 2009; Sinanoglou et al., 2011; Amorim et al., 2016) . Furthermore, IMF and inosine-5 -monophosphate (IMP) are central to the flavor of the meat. IMP is a umami substance and contributes to the sensory perception of meat delicacy (Kuchiba-manabe et al., 1991; Kawai et al., 2002) . Greater IMF and IMP accumulation have a beneficial effect in improving taste properties of meat and this is of prime importance to consumers, who increasingly are demanding better tasting products.
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Despite this information, there remains a lack of comprehensive research on other effects of caponization on meat quality. For example, inconsistent and few data are available on its effects on muscle fiber characteristics (Lin and Hsu, 2002; Lin et al., 2011) and IMP (Lin et al., 2011) , and no information is available concerning the possible effect on the amino acid composition, together with the lack of comparable study about meat quality in ovariectomized versus intact hens. The aim of this study was to investigate the effects of both types of gonadectomy on physical, chemical, fatty acid, and amino acid indices related to meat quality of chickens (Beijing-You) at market age.
MATERIALS AND METHODS

Ethics Statement
This study was conducted in accordance with the Guidelines for Experimental Animals established by the Ministry of Science and Technology (Beijing, China). All experimental protocols were approved by the Science Research Department (in charge of animal welfare issues) of the Institute of Animal Sciences, Chinese Academy of Agricultural Sciences (Beijing, China).
Animal Management and Experimental Design
The Beijing-You (BJY) chicken is an example of a typical Chinese local breed, characterized by a high fat content and a superior flavor that satisfies local consumer demand. The BJY hatchlings came from conservation stock (Institute of Animal Science, Chinese Academy of Agricultural Sciences, Beijing, China), and all chickens had the same genetic background. At 3 wk of age, 20 males and 20 females were assigned as the controls (sham-operated) and 80 males and 80 females were treated by caponization or ovariectomy. The birds were subsequently raised for an additional 14 wk (see below).
Previously described procedures were followed for caponization (Lin and Hsu, 2002; Chen et al., 2005) and ovariectomy (Song and Silversides, 2006) . Briefly, feed and water were withheld for 12 h before the operations. The incision site was sterilized with veterinary external disinfectant. A one cm lateral incision was made at the second-to-last rib, the testes or ovaries were removed aseptically, then the same disinfectant was again applied to the incision site. Mortality rates of ovariectomized chickens was 3.63%, with no death of the capons.
The birds were raised in an environmentally controlled room in 3-story step cages. Feed and water were provided for ad libitum consumption. The basal diets (Table 1) were formulated based on the Feeding Standard for Chicken established by the Ministry of Agriculture, Beijing, China (2004). Birds were slaughtered at 17 wk of age. Following a 12-h overnight fast, all chickens were anesthetized then killed by experienced technicians by severing their carotid arteries. The ovariectomized females were inspected for completeness of the ovariectomy at the time of tissue collection; 60% (n = 48) were completely ovariectomized, of which 20 birds were randomly chosen for closer study. Caponization was complete in all birds and a random sample of 20 was chosen, along with the 2 groups of 20 intact males and females. The breast muscle from the right side was frozen at −20
• C for further chemical evaluation, and the left side was used for the determination of physical traits and IMF content.
Muscle Fiber Diameter, Area, and Density
Samples (∼2 cm 3 ) were removed from consistent locations on the breast muscle from birds sampled from each group (n = 6). Serial sections (3 to 5 μm) were cut and stained with hematoxylin and eosin to observe the morphology of the muscle tissue (Petracci et al., 2013) . Images (3 slides from each bird) were captured by microscopy at 100× magnification. An image analyzer (Image-Pro Plus 6.0, Media Cybernetics Inc., Shanghai, China) was used to score the diameter (μm), area (μm 2 ), and the density (fibers/mm 2 ) of muscle fibers in the section, following An et al. (2010) . Each sample was measured 3 times. At least 50 fibers in each field were measured for mean diameter and area, and density of the fibers was determined as the average of counts of fibers in 6 randomly selected fields of known size (approximately 1.00 to 1.01 mm 2 ).
Physical Characteristics of Breast Muscle
The pH (mean values of the pectoralis major and pectoralis minor), color (mean values of the pectoralis major and pectoralis minor), drip loss (pectoralis major), and shear value (pectoralis major) of the breast muscle were measured at consistent locations (n = 20). The pH was measured 24 h postmortem (pH 24 ) using a portable pH meter (IQ150; IQ Scientific Instruments, Carlsbad, CA) with the electrode (pH57-SS) inserted into the muscle 3 times. The muscle color was measured on the raw muscles at 3 locations on each sample. The CIELAB system color profile of lightness (L * ), redness (a * ), and yellowness (b * ) was performed using a manual colorimeter-spectrophotometer CM-2600d/2500d (Konica Minolta, Tokyo, Japan). Hue (H * ) and Chroma (C * ) angle also were calculated from a * and b * values; the formula was H
Hue indicates the degree of change of the color from red (low values of H * ) to yellow (high values of H * ). Chroma is a measure of the color intensity that increases when a * and/or b * increases. Drip loss was determined as described in detail by Jiang et al. (2011) , based on the method of Berri et al. (2007) . Samples (2.0 g), weighed at dissection, were suspended within sealed plastic bags then were wiped and re-weighed after 24 h at 4
• C; drip loss was expressed as a percentage of the initial weight. The shear value was measured as follows: After storage for 24 h at 4
• C, the left breast was heated at 85
• C until the internal temperature was 75
• C. During heating, a digital thermometer was inserted into each sample to monitor the core temperature. Samples (1.0 cm × 1.0 cm × 2.5 cm) were taken from each meat sample and sheared perpendicular to the fiber orientation using a texture analyzer (TA.XT Plus Stable Micro System; Stable Micro System, Ltd, Godalming, UK) equipped with an HDP/BSW blade. Each sample was measured 3 times, and the force was expressed in kg/cm 2 .
Intramuscular Fat and Inosine-5 -Monophosphate
After removing any visible fat surrounding and lying between the muscles (Zerehdaran et al., 2004) , 20.0 g samples were obtained from all birds in each group (n = 20). Each sample was measured 3 times. The levels of IMF in the breast muscle were determined by extraction with petroleum ether in a Soxhlet apparatus, and are expressed as percentages of the dry weight of the muscle.
The levels of IMP in the breast muscle of half of the birds in each group (n = 10) were measured (Jung et al., 2013 ) by high-performance liquid chromatography (Agilent 1200; Agilent Technologies, Santa Clara, CA), with IMP disodium salt hydrate (Sigma-Aldrich, St. Louis, MO) as the internal standard. All samples were prepared and tested at room temperature (20 • C). Each sample was measured 3 times.
Compositions of Fatty Acids and Amino Acids
Breast muscle samples from 6 birds of each group were randomly selected and freeze-dried for lipid extraction (as for IMF). Each sample was measured 3 times. Extraction of the fatty acids contained in meat powder was carried out in hydrolysis tubes with acetyl chloride in methanol (1:10) with 2-h incubation at 80
• C prior to the preparation of fatty acid methyl esters (FAME). The FAME were extracted with hexane and analyzed using an Agilent 6890 gas chromatography system (Santa Clara, CA). Separation of the FAME was carried out using a DB-23 chromatographic column (60.0 m × 250 μm × 0.25 μm). The composition of the fatty acids was determined as previously described (Liu et al., 2014) .
Amino acid composition was determined according to the method described by Cowieson and Ravindran (2007) . Each sample was measured 3 times. Breast muscle samples from 6 birds of each group were randomly selected and freeze-dried then hydrolyzed with 6 N HCl for 24 h at 110
• C for amino acid analysis. Methionine and cysteine were determined as methionine sulfone and cysteic acid after cold performic acid oxidation before hydrolysis. The composition of the amino acids was determined on an Automatic Amino Acid Analyzer (L-8900, Hitachi, Tokyo, Japan) using ninhydrin for post-column derivatization.
Statistical Analysis
Analytical methods were performed in triplicate (at least) and the averages were the experimental unit. The numbers of samples are detailed above and in the tables for particular variables. The effect of gonadectomy and sex (both fixed effects) and their interaction were assessed by GLM in SAS (ver. 9.1.3, SAS Institute, Cary, NC). The only variables in which significant interactions existed (P < 0.05) were some fatty acid proportions, but the meaningful comparisons for this study were made on the effect of gonadectomy on a withinsex basis, using Student's t tests. Statistical differences were considered significant at P < 0.05.
RESULTS
Muscle Fiber Diameter, Area, and Density
The results from this study show that the diameters and area of breast muscle fibers in the capons or ovariectomized chickens (Table 2) were markedly smaller, and the densities of the fibers were accordingly greater than those of the controls. The 3 variables differed significantly between the capons or ovariectomized chickens and controls (P < 0.05). There were significant differences in muscle fiber diameter, area, and density between males and females (P < 0.01). The muscle fiber diameter and area of males were higher than females, while muscle fiber density of males was smaller than females.
Physical Characteristics of Breast Muscle
The effects of caponization and ovariectomy on meat quality attributes are shown in 
Intramuscular Fat and Inosine-5 -Monophosphate
The levels of IMP and IMF in the muscle of the capons or ovariectomized chickens and controls are shown in Table 4 . The levels of IMP were slightly, but not significantly, higher in the capons than in the controls (P = 0.10). The levels of IMF in the capons were significantly higher than those of the controls (P < 0.05). The levels of IMP and IMF in ovariectomized chickens were significantly higher than those of the control females (P < 0.05). The levels of IMF in females were significantly higher than in males (P < 0.001).
Compositions of Fatty Acids and Amino Acids
The effects of gonadectomy on the fatty acid composition of the total lipids in the chicken breast Mean values marked with different letters in rows differ significantly within the same sex at P < 0.05 (n = 6). 1 SFA = saturated fatty acids; MUFA = monounsaturated fatty acids; PUFA = polyunsaturated fatty acids; major components include C16:0 (palmitic acid), C18:0 (stearic acid), C18:1 (oleic acid), C18:2 (linoleic acid), and C20:4 (arachidonic acid). Ns = no significant difference (P ≥ 0.05); * P < 0.05; * * P < 0.01; * * * P < 0.001. muscle are shown in Table 5 . The major fatty acids, accounting for 92%, were palmitic acid (C16:0), stearic acid (C18:0), oleic acid (C18:1), linoleic acid (C18:2), and arachidonic acid (C20:4). Relative to intact males, capons had decreased proportions of C18:0, C20:4, and lignoceric acid (C24:0), all P < 0.05, and increased proportions of C16:0, palmitoleic acid (C16:1), and C18:1, all P < 0.05 in the breast muscle. For females, ovariectomy decreased the proportions of hexanoic acid (C6:0), C18:0, arachidic acid (C20:0), eicosenoic acid (C20:1), C20:4, docosanoic acid (C22:0), erucic acid (C22:1), C24:0, and nervonic acid (C24:1), all P < 0.05, and increased contents of C16:0, C16:1, C18:1, and α-linolenic acid (C18:3), all P < 0.05 in the breast muscle. There was no significant difference in the proportions of ω-3, ω-6, total saturated fatty acids, monounsaturated fatty acids (MUFA), or polyunsaturated fatty acids (PUFA), and ω-6/ω-3 between controls and capons or ovariectomized chickens (P > 0.05). The effects of caponization or ovariectomy on the amino acid composition of breast muscle protein are shown in Table 6 . The method used allowed accurate measurement of 17 amino acids. The total levels of the 17 amino acids (protein and free) in breast muscle did not significantly differ (P > 0.05) between controls (77.52 g/100 g) and capons (76.71 g/100 g); likewise, ovariectomy had no influence on the total levels of amino acids. Similarly, no significant differences were found in the levels of the individual amino acids between capons or ovariectomized chickens and the controls.
DISCUSSION
Physicochemical Properties
Previous studies have demonstrated the close relationship between muscle fiber characteristics and the texture of meat: the thinner fibers result in higher density and better meat texture . The present study showed that gonadectomy, either caponization or ovariectomy, decreased muscle fiber diameter and area while increasing the fiber density. It is therefore reasonable to deduce that the texture of Table 6 . Amino acid composition and total content in breast muscle.
capon and ovariectomized chicken breast might be better than that of controls and likely accounts for the differing shear values of the muscle between the groups. Capons with a smaller muscle fiber diameter and muscle fiber area have been reported (Lin and Hsu, 2002; Lin et al., 2011; Calik et al., 2015) . Although extensive research has focused on the influence of age and breed on muscle fiber characteristics or muscle texture Tang et al., 2009) , this study characterizes the effects of caponization and ovariectomy on muscle fiber diameter, area, and density, and contributes to establishing systematic evaluation methods for meat quality in such chickens.
A major objective of caponization is to improve meat texture. This effect has been confirmed by some authors, who reported that capons had lower shear values than those of intact males (Symeon et al., 2010; Calik et al., 2015) . Lower shear values and higher IMF were observed here in breast meat from capons compared to controls. The present study also demonstrated that ovariectomy had a positive effect on meat texture of chicken breast muscle, with lower shear values and higher IMF. Zhao et al. (2007) reported that increased IMF resulted in a significant decrease of the shear values, and thus improved meat texture. The results obtained here were consistent with others showing no significant effects of caponization on pH 24 (Lin and Hsu, 2002; Miguel et al., 2008; Calik et al., 2015; Amorim et al., 2016) or water-holding capacity (Sirri et al., 2009; Calik et al., 2015) . In addition, the present work shows the same effect of ovariectomy, with no significant effects on pH 24 or drip loss. The present experiment showed a more pronounced effect on meat color of breast muscle, with capons and ovariectomized chickens having lower a * values and higher b * , H * , C * values than the intact controls. Some research has shown that capons have more yellow color and less redness (Lin and Hsu, 2003; Miguel et al., 2008; Symeon et al., 2010; Calik et al., 2015) and increased H * and C * values of breast muscle (Sirri et al., 2009 ). These findings may be attributed to the higher percentage of IMF in capons and ovariectomized chickens' breast meat as fat deposition proportionally reduces blood vessels, and therefore, decreases meat redness (Symeon et al., 2010) . Likewise, higher b * , H * , C * values of the meat in both capons and ovariectomized chickens may be related to their increased IMF content.
The flavor of meat is closely related to its content of IMF and IMP. Caponization results in an obvious increase in IMF (Symeon et al., 2010; Sinanoglou et al., 2011; Symeon et al., 2012; Kwiecień et al., 2015) , and the present findings were consistent with the earlier work. The content of IMP also contributes to the flavor of meat, with better taste associated with higher IMP levels in chicken muscle (Chen et al., 2008; Takahashi et al., 2012) . The current data showed a trend toward higher IMP levels in the breast muscle of capons. In contrast, Lin et al. (2011) found significantly lower levels of IMP in the breast muscle of capons than in controls; these inconsistencies need further research. There are no published studies on effects of ovariectomy on these objective indices, related to meat quality in female chickens. Studies have shown effects of ovariectomy on lipid metabolism of chickens. Balnave et al. (1978) reported that ovariectomy affected liver metabolism and the maintenance energy requirement of chickens. Jaccoby et al. (1996) reported that ovariectomized chickens are hypersensitive to estrogenic modulation of lipid metabolism. Ovariectomy was shown here to significantly increase IMF content in chickens' breast muscle, indicating that it might contribute to improved meat quality. Similarly, a higher IMP content was observed here after ovariectomy with the same expected effect on flavor quality.
Compositions of Fatty Acids and Amino Acids
In chickens, the major fatty acids of muscle lipids are C18:1, C16:0, C18:2, C18:0, and arachidonic acid (C20:4) Amorim et al., 2016) . Compared to controls, the capons and ovariectomized chickens studied here had decreased proportions of C18:0, C20:4, and lignoceric acid (C24:0), but increased proportions of C16:0, C16:1, and C18:1 in the breast muscle. This is consistent with the findings of several authors using capons. Rikimaru et al. (2009) reported decreased proportions of C18:0 and C20:4 and increased proportions of C16:1 and C18:1 in capons as compared with intact males. Similarly, the greater proportion of C18:1 was observed in capon breast than in the intact chicken (Amorim et al., 2016) . A higher content of C16:0 and a lower content of C20:4 were noted in the breast muscle of capons compared to cocks (Kwiecień et al., 2015) . Sirri et al. (2009) reported that capons had lower C20:4 levels in breast muscle compared with controls, while Sinanoglou et al. (2011) reported that capons had higher proportions of C16:0 and C16:1 than controls. However, Miguel et al. (2008) did not find differences in fatty acid content (C14:0, C18:0, C18:1, and C18:2) from the meat between cocks and capons; these inconsistencies need further research. Caponization is not thought to influence the total MUFA, PUFA, ω-3, or ω-6 fatty acids levels, and the data obtained here are in agreement with those of Sirri et al. (2009) . That study indicated that caponization had a considerable effect on fatty acid composition of the IMF, which was confirmed here. The present study has provided novel information in showing that ovariectomy of chickens had a similar effect as caponization on the fatty acid composition of breast muscle lipids.
Muscle tissue consists mainly of muscle fibers, with a large amount of protein (Lawrie, 1991) . Nishimura et al. (1988) analyzed the chemical components in meat and suggested that free amino acids were responsible for the improved taste of meat during storage. In the current study, the composition of total amino acids (protein and free) in breast muscle were almost consistent among the groups of birds. The amino acid composition of muscle protein remained constant in different chicken breeds (Wattanachant et al., 2004; Zhao et al., 2011) , likely indicating that the similarities in amino acids found here, despite gonadectomy, contribute little, if anything, to possible differences in meat quality between capons or ovariectomized chickens and the controls.
In conclusion, this study provides practical and useful information on attributes associated with quality of chicken breast meat. It will also be useful in defining some of the differences in physical and chemical characteristics between capons or ovariectomized chickens and the intact controls. Capons and ovariectomized chickens produced a less red, more yellow colored meat. The positive effect of both forms of gonadectomy on meat texture as well as increased IMF content of the meat was confirmed, and ovariectomy likely improved meat flavor from the higher IMP content. Caponization and ovariectomy both modified the composition of lipid fatty acids in breast muscle.
